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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Group: Unknown 
Attorney 

Docket: JOANNOU 
Applicant: JOANNOU, George Eustace 
Invention: IS OFLAVONE METABOLITES 



US, Serial No: 



International Serial No: 



Unknown 



PCT/AUOO/00392 



International Filing Date: 01 May 2000 (01.05.00) 
Earliest Priority Date: 30 April 1999 (30.04.99) 



FIRST PRELIMINARY AMENDMENT 

Attention: DO/EO/US 
Box PCT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Preliminary to the examination of the above-identified national patent appUcation 
submitted herewith, apphcant requests entry of the following amendments. 



Abstract 

Please enter the Abstract of the Disclosure submitted as a separate paper herewith 
without reference numbers. 



In the Description 

After the title, please insert the following paragraph: 
-Cross-Re ferences to Related Applications 

This appUcation is a U.S. national counterpart application of international application 
serial No. PCT/AUOO/00392 filed May 1, 2000, which claims priority to Australian 
provisional application serial no. PQ0082 filed April 30, 1999,-- 

In the Claims 

Please amend claim 16 as follows: 

16. (Amended) [A] The method according to claim 13 [or 14] wherein 
1^ said hormone dependent condition is selected firom the group consisting of hormone 
g dependent cancers, hormone dependent cardiovascular disorders and hormone dependent 
^ menopausal disorders. 

^5 Please add the following new claim 23: 

Q ~23. The method according to claim 14 wherein said hormone dependent 

^ condition is selected fi-om the group consisting of hormone dependent cancers, hormone 
^ dependent cardiovascular disorders and hormone dependent menopausal disorders.- 
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REMARKS 

This Preliminary Amendment is being submitted to indicate the relationship of 
the subject U.S. national application to previously filed applications as required under 37 
C.F.R, 1.78, and to delete multiply dependent claims. Copies of the amendment to the 
amended claim and the newly submitted claim are provided on separate pages following the 
last page of this amendment 

No amendment is believed to go beyond the disclosure in the international 
application as originally filed. 

With the entry of the foregoing amendments, the application is beUeved to be 
in condition for examination and allowance. Consideration of the claims, leading to their 
allowance and passage of the application to issuance, is respectfully requested. 

Respectfiilly submitted. 




Richard D. Conard 
Atty. Reg. No. 27321 
Attomey for Applicant 



RDC/mje/411337 
Indianapolis, Indiana 46204 
(317) 231-7285 



Abstract of the Disclosure 



There are disclosed compounds of formulae (I) or (11) in which A is selected 
from the group consisting of (1), (2), (3) and (4);0H, and one of and R2 is selected from H, 
OH and OCH3, and the other of Rj and R2 is selected from OH and OCH3; one of R3 and 
R4 is selected from H, OH and OCH3, and the other of R3 and R4 is selected from 
OH and 0CH3; provided that at least one of the pairs Rj, R2 and R3, R4 are both OH; R5 is 

selected from OH and OCH3; and denotes a single or double bond; and 

pharmaceutically acceptable salts and prodrugs thereof. The compounds of the invention are 
useful for the treatment of hormone-dependent conditions and cancers. 



INDSO2 MJE 411337vi 



Cross-References to Related Applications 

This application is a U.S. national counterpart application of international application 
serial No. PCT/AUOO/00392 filed May 1, 2000, which claims priority to Australian 
provisional application serial no. PQ0082 filed April 30, 1999. 



16. (Amended) The method according to claim 13 wherein said hormone 
dependent condition is selected from the group consisting of hormone dependent cancers, 
hormone dependent cardiovascular disorders and hormone dependent menopausal disorders. 



23. The method according to claim 14 wherein said hormone dependent 
condition is selected from the group consisting of hormone dependent cancers, hormone 
dependent cardiovascular disorders and hormone dependent menopausal disorders. 
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isofiavone Metabolites 

Field of the Invention 

This invention relates to certain isoflavonoid compounds, compositions containing the 
same, and therapeutic uses of those compounds. 

5 Background of the Invention 

la recent years there has been increasing aitention on phyioc$irogcns' particularly 
isortavonoid<>. Isoflavonoids or isoflavones (as they are also known) are a cln^s of phyto- 
oestrogens which are found in plants and which are based on a diphenoHc ring structure. 
Due 10 their structure, it has been documented that they are able lo bind to oestrogen 

TO receptors on animals including humans. A small subgroup of isoflavones are known to 
display oestrogenic activity, as well as anti-carcinogenic, antifungal. aiiLtiproliferative 
propercies and anti-oxidative effects. These oestrogenic isoflavones (genistein. biochanin, 
daidzcin, giycitein and formononetin) are predominantly found in plants which are members 
ol' the Le^im'imosae family. 

15 Most legumes have been found to contain at least one or more of these oestrogenic 

isoflavones, with the richest sources being soya beans, lentils, clover, chick peas, alfalfa and 
other beans. Most human diets contain low to moderate leveJs of oestrogenic isoflavones. 
hi typical diets in developed Western countries, the dietary intake of the oestrogenic 
isoflavones is low and often negligible, as legumes arc not relied upon strongly as a source 

20 of protein, being instead replaced by animal products. 

However, the dietary intake of oestrogenic isoflavones from traditional diets of 
Eastern and developing countries such as India, China and South America is moderate to 
high, given the fairly high dietary intake of beans including soya beans, kidney beans, lima 
beans, broad beans^ butter beans, chick peas and lentils. The presence of such dietary levels 

25 of oestrogenic isoflavones is coixfirmed by detection of the amounts of the isoflavones 
daidzein. genistein, giycitein, formononetin and biochanin and their metabolites in human 
urine. People with high legume intake in their diets excrete substantially higher amounts of 
isottavone metabolites in their urine than people witli largely omnivorous or low-legume 
diets. 

30 After ingestion, isoflavones undergo varying degrees of metabolism within the 
digestJ^'^e system. The naturally occurring, water soluble glycosidic form of isofiavone 
undergoes hydrolysis to the aglycone form in the gui, while biochanin and formononetin are 
demethylated by bacterial fermentation to genistein and daidzein respectively. It appears 
that the majority of the aglycone isoflavones then undergo fermentation by intestinal 

35 bacteria to produce end products including equol. dehydroequoK O-desmethyiangolensin 
(ODMA). dihydrodaidzein, tetra-hydrodaidzein and dihydrogenistein. The isoflavones, 
their metabolites and derivatives circulate around the body and are mainly excreted in the 
Lirine. in ^^'hich they cm then be detected. 
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As staled above, given tlie presence of high levels of isoflavones in legumes. 

particularly soya beans, and the knowledge that the isoflavones are fermented or 
metabolised by intestinal or bowel bacteria to produce isoflavone metabolites, research has 
been conducted into microbial ferxDentations of soybeans and has demonstraied production 

s of metabolites including 6,7.4'-trihydroxyisoflavone (hereinafter called Factor 2) and other 
pol\'hydroxylated tsoflavonoids. 

Ti-aditional Asian food products such as Icmpeh, tofu, miso etc are foods produced 
from soybeans by fermentation mainly by fungi of the genus Rhizopus, It has been shown 
chat several bacteria species may also be involved in lempeh production. For traditional 

10 tempch fermentation, the soybeans are cooked, dehulied and soaked overnight. A 
spontaneous bacterial acidification occurs during this phase. In industrial cempeh 
fennentation processes, the cooked soybeans are acidified with lactic acid. After the 
soaking process, the soybeans are cooked again and incubated with microbial inocula for 2 
days. 

IS In unfcimented soybeans, the isoflavones genistein, daidzein and glycitein 

predominantly occur as isoflavone glucosides and acylgJucosides. Ic has been shown thai 
during lempeh feraentation, the isoflavone aglycones are liberated from the conjugates and 
accumulate in the tempeh product. Further findings have shown tiiat during fennentation 
the isoflavone 6,7,4^ -trihydroxyisoflavone (termed "Factor 2" by Gyorgy et qL in Nature 

20 (1964) 203, 870-872), also accumulates. 

It was previously thought that the fungi of the genus Rhizopm were responsible for 
the fonnation of Factor 2 from either daidzein or glyciiein. However, subsequent studies on 
ihe metabolism of daidzein and glycitein . by KIus et aL. 1993 showed that isolates of 
Bre\nhacierium epidermidis and Micrococcus luteus. which were isolated from Indonesian 

25 lempeh samples, readily transform glycitein, forming Factor 2, A third tempeh-derived 
bacterium. Microbacterium arborescens\ metabolized daidzein, producing both Factor 2 and 
glvciiein. More recently, KIus, K. and Barz, W. Arck MicrohioL 164:42S-434, (1995) 
in\estigated five other bacterial isolates, which were isolated from tempeh samples 
containing Factor 2 and were classified as Micrococcus or Arthrobacter strains, for their 

30 ability to metabolize daidzein and glycitein by hydroxylation or O-demethylation reactions. 
Their results show that a number of polyhydroxyiated isoflavones were formed, 
h}'drt>xylaied at three or four of positions 6,7,8, 3" and 4\ Of these Factor 2 was the major 
product produced by most of the microbial strains. The bacterial strains only hydroxy lated 
but did not degrade the substrates namely daidzein or glycitein. The compounds of tlie 

35 present in%'emion were not identified by Klus and Barz, however. 

Various polyhydroxyiated isoflavones known in the prior an are known to exhibit 
anti-inflammatory and anti-allergenic activity and to express anticarcinogenic properties due 
to inhibition of protein tyrosine kinases, which play a key role in cellular pathways in 
tumour cell growth. In in vitro tests, iliese isoflavones also inhibit the growth of human 

40 leukemia (Makishima et al.^ 1991) and human breast cancer cells (Hirano et al 1989; 
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PetersoD and Barnes. 1991), In essence, the polybydroxylated isoflavones occurring as 
dietaiy factors in femiented soybean products are putative causes of the lower incidence of 
cancer-related diseases in Asian populations, and have been used in ilie ireatment of a 
\ arieiy of cancers including brtsasi cancer, ovarian cancer, iarije bowel cancer; and prostatic 
5 cancer. 

Other dierapeutic uses of the oestrogcnic isoflavoncs which have been disclosed 
include their use as therapeutics for menopausal symptoms and osteoporosis (WO 98/50026, 
European patent application 0135172, US patent 5,498,631 in the name of Gorbach <?/ al); 
pre-mcnstrual sympioms; Rcynauds Syndrome: rheumatic diseases; Buergers Disease; 
10 coronai-y artery spasm: migraine headaches; benign prostatic hypertrophy and hypertension* 

As stated above, isoflavonoids are natural plant coinpounds which possess 
aniitumorigenic properties. Of all oestrogcnic isoflavones of which daidzein, genistein, 
forniononetin and biochanin-A are the most well known, it has been shown that 
indix idually. genistein is the most poicnt inhibitor (IC50=25-33^M) of ihe proliferation of 
15 MCF-7 cells induced by a number of environmental chemicals such as l-(o-chlorophenyl)- 
l~(p-chlorophenyI)-2,2.2-trIchloroethane, 5-octylphenol and 4-nonylphenol as demonstrated 
iccentiy by Verma SP and Goldin BR {Nutniion & Cancer 30(3)i232-9,l 998). 

The same authors also noted that a mixture of isoflavones was the most potent 
inhibitor against the induced proUferation, However, as in the case of other research 
20 workers they found that genistein. biochanin A, equol and to some extent daidzein at 
<1 Oj^M can enhance the growth of MCF-7 cells. 

There is tlierefore a need for novel isoflavonoids which can inhibit the proliferation of 
cancer cells but wliich do not enhance their growth at low concentrations, and which exhibit 
other tlierapeuiic propenies. 

25 Objects of the invention 

It is therefore an object of the present invention to provide novel isofiavonoid 
compounds- 

It is another object of the present invention to provide compositions including food 
and drink compositions containing novel isofiavonoid compounds. 
30 It is a further object of the present invention to utilise novel isofiavonoid compounds 
in Treating hormone dependent conditions and other diseases and disorders. 

Summary of the invention 

Throughout diis specification, unle$s the context requires otherwise, the word 
"comprise", or variations such as "comprises^ or ''comprising' or the term ^includes** or 
35 \'ariations thereof, will be understood to imply the inclusion of a stated element or integer or 
group of elements or integers but not the exclusion of any other element or integer or group 
of elements or integers. 

According to a first aspect of the present invention there is provided a compound of 
formula J or formula 11 




in which 

A is selected from the group consisting of 




5 one of Rj and R2 is selected fron> H, OH and OCH3. and the other of R7 and R2 is selected 
from OH and OCH3; 

one of R.11 and R4 is selected from H, OH and OCII.h. and the other of R3 and Rj is selected 
from OH and OCH3; 

provided that at least one of the pairs Ri, R2 and R3* R4 are boili OH; 
10 R5 is selected from OH and OCH3; and 
denotes a single or double bond, 

or a pharmaceutically acceptable salt or prodrug thereof. 

In one form, the invention relates to compounds of formvila (I) or (II) as defined 

hereinabove, wherein 
1S one of Rj and R? is selected from H and OH, and the other of R| and R2 is OH; 

one of R-; and R4 is selected from H and OH, and the other of R3 and is OH; 

pro\dded tlial at least one of the pairs Rj, R2 and R3. are both OH; 

R? is OH: and 

siiic denotes a single or double bond. 




(IIA) 



wherein A is as defined hereinabove 

Rz is H. and R| is selected from OH and OCH3; 

R3 and R4 are each OH; 



25 R? is selected from OH and OCH3; and 
^'=^ denotes a single or double bond 
^ In a funher form, the invention relates to compounds of the formula (IB) or (IIB) 
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(IB), 

wherein A is as defined hereinabove 
Ri and R2 are each Oil; 

is H. and R3 is selected from OH and OCH3; 
5 is selected from OH and OCH3: and 
denotes a single or double bond. 
Examples of preferred compounds of die ijivention arc: 
(i) 4\6,7-trihydroxydihydroi5ojflavone having the structure (III): 
HO. ^ .0. 



CUB) 



HO 




(HI) 



10 (hereinafter referred to as Compound B); 

5-hydroxy-O-demethylangolesin (5-hydroxy-O-Dma) [1 -(2.4,5 -trihydroxypheny l)-2- 
(4-hydroxyphenyl)-propan-l-one] having the structure (IV): 

HO. ^ OH 



HO 




OH 



(IV) 



(hereinafter referred to as Compound A); 
15 3'-hydroxy-0-demethylangolesin (3*-hydroxy-0-Dma) [I "(2 Adihydroxyphenyl)-2- 
(5.4*dihydroxyphenyl)-propan-l-one] having the structure (V): 

HO^ ^OH 




OH 



OH 



(V); 



3 -h^'droxy-O-demethy 1 dehydroangojesin (3 -hydroxy dehydro-O-Dma) [ 1 •^(2,4-di- 
hydroxyphenyl)-2-(3,4-dihydroxyphenyI)-prop-2-en-l-one] having the structure (VI): 




5-hydroxy-2-dehydro-0-Dma f 1 -(2,4,5-trihydroxyphenyl)-2-(4-hydro>cyphenyI)-prop- 
5 2-cn-l-one] having ihc structure (VII J): 

HO 

HO 

^" CVXIl): 

or phamiaceutically acceptable salts or prodrugs thereof, 

A third aspecr of the present invention provides a composiiion comprising one or 
more compounds of the formulae I or II as previously defined, in association with one or 
10 more phannaceutically acceptable carriers, adjuvants, diluents and/or excipients. 

Typically, one or more of the compounds of structures (III) to (VIII) may be used in a 
composition of the third aspect of the present invention. 

A fourth aspect of the present invention is a food or drink composiiion, which 
contains one or more compounds of the formulae I or Il- 
ia Typically, the food or drink composition contains one or more of the compounds of 
structures (HI) to (VUI), 

According to a fifth aspect of the present invention there is provided a method for the 
treamient. prophylaxis, amelioration^ defence against, and/or prevention of menopausal 
syndrome incl\iding depression, anxiety, hot flushes, night sweats, mood swings, and 
20 headache: osteoporosis: rheumatic diseases; atlierosclerosis; prcnienstmal syndrome, 
including fluid retention, cyclical mastalgia, and dysmenoixhoea: coronary artery spasm; 
vascular diseases including Reynauds Syndrome; Buergers Disease; migraine headaches; 
ii\ perten$ion; benign prostatic hypertrophy; all forms of cancer including breast cancer, 
endometrial cancer, prostatic cancer, uterine cancer, ovarian cancer, testicular cancer, large 
25 bowel caiicer: Alzheimers disease; inflammatory diseases including Crohns disease, 
intlammator}' bowel disease, ulcerative colitis: baldness including male pattern baldness; 
psoriasis; acne; and diseases associated with oxidant stress including myocardial infarction. 
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sunliglit induced skin damage, artliritis. or cataracts, which method comprises administering 
to ii subject a therapeutically effective amount of one or more compounds of the formulae I 
or II as previously defined, either alone or in associaiion with one or more piiarmaceutically 
acceptable carriers, diluents* adjuvants and/or excipiems. 
5 According to a related sixth aspect of the present invention there is provided a method 

for the treaimenu prophylaxis, amelioration, defence against, and/or prevention of hormone- 
dependent condhions including hormone dependent cancers such as breast cancer^ hormone 
dopendeni cardiovascular disorder and hormone dependent menopausal disorders 
comprisiny; administering to a subject a therapeutically effective amount of one or more 
10 compounds of the fomiulae I or II as previously defined, either alone or in association with 
one or more pharmaceutically acceptable carriers, diluents, adjuvants and/or excipients. 

Typically, one or more of the compounds of structures (lU) to (VIII) may be tised in 
the method of treatment, prophylaxis, amelioration, defence against, and/or prevention of 
any one or more of the diseases of the fifth or sixth aspects of the invention. 
15 A seventh aspect of the present invention is the use of one or more compounds of the 

formulae 1 or II for the manufacture of a medicament for the treatment, amelioration, 
defence against, prophylaxis and/or prevention of one or more of tlie diseases set out in the 
fifth or sixth aspects of the invention above. 

h is typical that one or more of the compounds of structures (III) to (VIII) are 
20 employed in the seventh aspect of the present invention. 

A related eighth aspect of the present invention is use of one or more compounds of 
the formulae 1 or 11 in the treatment, amieiioraiion, defence against, prophylaxis and/or 
prevention of one or more of the diseases set out in tine fifth or sixth aspects of the invention 
above. 

23 Typically, one or more of the compounds of structures (III) to fVIIl) are used in the 

eighth aspect of tlie invention* 

A ninth aspect of the present invention is a microbial culture or a food or drink 
composition containing at least one microbial strain which microbial strain is capable of 
producing one or more compounds of the formulae I or II from daidzein and/or glycitein. 

30 Typically, said microbial strain produces one or both of compounds A and 

Typically, the microbial strain is in the form of a purified culture, which may 
optionally be admixed and/or administered witli one or more other cidmres which produce 
any one or more compounds of the formulae I or II, more typically one or more of the 
compounds of strucmres (III) to (VIII). 

35 A tentli aspect of the present invention provides a process for producing a compotttxd 
of any one of formulae I or II by microbial fermentation of daidzein or glycitein witli one or 
more microbial organisms selected from the group consisting of Lactobacilli; Clostnditcm 
periingens\ Bacteroids including B.vulgatus, B. ihetaiotaomicron, B. dislasonLr. Candida 
alhicanx and other yeast; Anaerobic cocci including Ruminococcus, Eubacterium^ 

4C Pepiostreptococcm (such as P. productus found in stools), Clostridium. Bifidobacieria 
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(such as B, ad€^lcscentis^ B. infiznth\ and B. longum). Peptococcus, Vmllomlla, 
.Uiclamit70cocciiS\ and Streptococcusi Anaerobic streptococci: Gram-negative facultative 
bacteria; A<?ronionas such as A.hydrophila: Alcaligenes s-p: Citiohact^^t sp: Enterobacter sp 
including E, liquefaciens and E. aerogc^t^es; Escherichia sp, E colh IJafnia xp\ Klebsiella spi 
5 Mar<ianci/a sp such as M,morganii\ Protem sp: Pseudomona.^' sp: Provldencia sp\ 
Avvococcus vlridami BacHlus sp; Corynebactarium sp; Micrococcus sp such as' M. luieus; 
Socardla .spi Pediococcus sp: Siaphylococcus sp including S aureus aiid S. epidermidis; 
Fusohaaerium including F. gonidiaformam\ mortiferum, F necrogenes. F. nccroforum 
and F, rn^'sin Butyrivibrio such as B. ftbrisolvem\ Actinomyccx: Arachnia- 

10 Propiombaclenum: Arthrobacter sp such as A. agilis, A. aurescem. A, pascens, A. oxydans. 
A. nicoHnae and A, cummins; Brevibacierium sp such as J5, epidermidis: and 
Microhacietivm sp such as M. arborescens. 

An eleventli aspect of the present inveniion provides a method for the treatment, 
prophylaxis, amelioraiion, defence against, and/or prevention of menopausal syndrome 

15 including depression, anxiety, hot flushes, iiight sweats, mood swings, and headache: 
osteoporosis; rheumatic diseases; atherosclerosis; premenstrual syndrome, including fluid 
retention, cyclical mastalgja. and dysmenorrhoea; coronary arteiy spasm; vascular diseases 
including Reynauds Syndrome; Buergers Disease: migraine headaches; hypertension; 
benign prostatic hypertrophy; all forms of cancer including breast cancer, endometrial 

20 cancer, prostatic cancer, uterine cancer, ovarian cancer, testicular cancer, large bowel 
cancer: Alzlieimers disease: inflammatory diseases including Crohns disease, inflammatory 
boNvel disease, ulcerative colitis; baldness including male partem baldness; psoriasis; acne; 
and diseases associated with oxidant stress including myocardial infarction, sunlight 
induced skin damage, anhritis, or cataracts, which method comprises administering to a 

25 subject a therapeutically effective amount of Factor 2 as previously defined- either alone or 
in association with one or more pharmaceutically acceptable carriers, diluents, adjuvants 
and/or excipients. 

According to a related twelfth aspect of the present invention there is provided a 
method for the treatment, prophylaxis, amelioration, defence against, and/or prevention of 

30 homione-dependent conditions including hormone dependent cancers such as breast cancer, 
hormone dependent cardiovascular disorder and hormone dependent menopausal disorders 
comprising administering to a subject a therapeutically effective amount of Factor 2 as 
previously defined, either alone or in association with one or more pharmaceutically 
acceptable carriers, diluents, adjuvants and/or excipients. 

35 The invention also provides in a thirteenth aspect, the tise of Factor 2 for the 

manufacture of a medicament for the treatment- prophylaxis, amelioration, defence against, 
and/or prevention of menopausal syndrome including depression, anxiety, hot flushes, night 
sweats, mood swings, and headache; osteoporosis; rheumatic diseases: atherosclerosis; 
premenstrual syndrome, including fluid retenrion, cyclical mastalgia. and dysmenorrhoea; 

40 coronary artery spasm: vascular diseases including Reynauds Syndrome: Buergers Disease: 
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migraine headaches: hypertension: benign prostatic hypertrophy: all forms of cancer 
includhig breast cancer, endometriaj cancer, prostatic cancer, uterine cancer, ovarian cancer, 
icsticulm- cancer, large bowel cancer; Alzheimers disease; inflamniator>' diseases including 
Crohns disease, inflammatory bowel disease, ulcerative colitis; baldness includins male 
5 pattern baldness; psoriasis; acne; and diseases associated with oxidant stress inclxiding 
myocardial infarction, sunlight induced skin damage, arthritis, or cataracts. 

A fourteenth aspect of the inveniion further provides the use of I^actor 2 for tlie 
niiinufaciure of a medicament for the ireatmcnt. prophylaxis, amelioration, defence against, 
and/or prevention of hormone-dependent conditions including hormone dependent cancers 
10 such OS breast cancer, hormone dependent cardiovascular disorder and hormone dependent 
menopausal disorders, 

A fiftccntii aspect of the present invention provides a process for the manufacture of 
Compound A. said process including: 

i) reacting 2-(p-methoxypheny])propionic acid with 1.3,4-trimethoxy benzene to 
1* obtain 2,4,5 ,4'-tetramethoxy-a-methyldcsoxy benzoin; and 

ii) demethylating said 2,4,5,4'-tetrametlioxy-a-methyJdesoxYbenzoin to form 
2.4.5,4'-tetrahydroxy-a-methyldesoxybenzoin. 

A sixteenth aspect of the present invention provides a compound when produced by 
ilie process of the fifteenth aspect of the invention outlined above. 
20 The present invention is based upon die identification of novel oestrogenic isoflavone 

metabolite compoimds, exemplified by the isoflavonoid phytoestrogens of structures (III), 
aV) and (V). These compounds have been identified in the urine of tlic human adult 
consuming a diet ricli in phytoestrogen content. While not wishing to be bound by theory, it 
is postulated by the present inventor that tlie identification of the compounds of structures 
25 (Ul), (IV) and (V) provides evidence for the existence of a previously undiscovered patliway 
in the mode oF metabolism of daidzein and/or giycitein. 

The identification of the compounds of structures (III). (IV) and (V) observed for the 
first time in tlie urine of adult humans who ingested soya cake containing daidzein, 
genistein and glycitein provides evidence to suggest tiiai the compounds of structures (lU), 
30 (JV) and (V) are products of microbial transfoimaiions of daidzein or glyciiein. In view of 
the fact that one of these metabolites, namely compound A. was found in large amounts 
commensurate to the amount of daidzein ingested compared with glycjtein appears that 
compounds A and B may also be metabolites of daidzein after hydroxylation of ring A. The 
results of Klus and Barz (1995) referred to above support this hypothesis since these autliors 
35 demonstrated that a number of microbial species (Micrococcus, Atthrobacter. 
Bravihacterium) are capable of converting daidzein and glycitein to give Factor 2. the most 
probable precursor of compounds A and B. 

The compounds of Formulae I and II of the present invention, all of which include a 
^'icinaI diol substitution, show significant therapeutic activity. In particular, it has been 
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shown that compounds of the Invention inliibit the proliferation of MCF-7 and other cells 
without significant enhancement of their growth at low concentrations. The vicinal diol 
substitution is provided by ai least one of the following: 6,7-dihydroxy substitmion in the 
bdnzopyran moiety of structure (I); 3\4^Hlihydroxy substitution in the S-phenyl subsiituent 
5 in structure (I); or 3,4-dihydroxy substiUition and/or 3\4''Hiihydroxy substitution in 
su-ucturc (II)- 1 1 is speculated that it is the presence of this vicinal diol substitution in the 
compounds of the invention which confers on them their surprisingly high biological 
activity. 

Detailed Description of the invention 

10 Compound.? of the invention may be obtained by microbial fermentation of suitable 

naturally-occurring oestrogenic isoflavones, or by chemical synthesis. 

For microbial fermentation, a plant source of naturally ^occurring oestrogenic 
isoflavones is typically used. 

Typically, plant sources for oestrogen isoflavone precursors of the compounds of the 
15 invention are any leguminous plant including various species of Acacku ground nut. alfalfa, 
lentil and ground pea. Also typically, such plant sources include: 

Tn'fQlwm species including pamassi, repens, pallescens. nigrescens, physodes, resupinacum, 
campestre, arvense, stellatuni, cherleri, pignantii, alpestre, pratense. angustifolium, 
subterraneum and glomeratum, Medi(;^c^go species including lupulina, falcata. orbicularis, 

20 polymorpha. disciformis, minima, and sativa. Cassia species including occidentalis and 
noribunda. Ufpinus species including angustifolium and albus, Vivm species including 
saii\ a and monantha and Gahga species including officinalis, or mutant strains of any one 
ihe foregoing. Beans such as jumping bean, sword bean, broad bean, yam bean, kidney 
bean, soya bean and butter bean are also a favourable source of for oestrogen isoflavone 

25 precursors of tl^e compounds of tlie invention. The oestrogenic isoflavones are mainly 
ibund in ihe leaves and fruit of the plant, and also in the roots. 

Typically, the compounds of interest whidi are secreted by microbial cultures or 
organisms are detected by GC-MS (gas chroniatography-mass spectrometry). 

These organisms are used in microbial fermentation to produce compounds of 

30 formulae WI given above. Typically, the organisms are selected from one of the following 
classes: 

UwiohaciUh Clostridium perfmgens\ Bacteroids including B,vulgatus\ B, thetaiotaomicron, 
B. dislasowsi Candida albicans and other yeast; Anaerobic cocci including Ruminococcus, 
E2ihaci£!nunu Pepiostreptococcui: (such as P. productm found in stools), Clostridium, 
Bificlohaciena (such as B. adolesceniis, B. infanris, and B. longum). Peptococcus;, 
ViiiUonella, Acidaminococcus^ and Streptococcus; Anaerobic streptococci: Gram-negaiivc 
facuitaiive bacteria: Aeromonas such as A,hydrophila\ Alcaligertex sp-, Citrobacter sp\ 
Enwrobaaer sp including E. llquefaciens and E. aerogenes; Escherichia sp. E colix Hafhia 
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sp\ Klebsiella spi Morgamlla sp such as M.morganiK Fvoieus h'p\ Psmdomonas sp\ 
Pvavhiencia sp\ Aarococcus vMdans; Bacillus sp; Corynebacterium sp\ Micrococcus sp 
such as M lvteiis\ Nocardia sp; Pediococcus sp\ Staphylococcus sp including S aureus and 
.V. cpidcnnidis; Fusobacierhvn including F. gonidktformans. F. moriiferums F. nccrogenes, 

b F. mcrojorum and F, russin Bulyrivihrio such a$ B, fihtLsolvensi Acfwomycas, Arachnia" 
PropUmibacterium: Arihurobactar sp such as A. agilLw A, aiuresccnx. A. pascens, A, 
oxydans, A. nicolinae and A. cummins: Brevibacterium sp such as B. cpidcrmidis: and 
h'licvohacTerwm sp such as M arborescens. 

Typically; non-pathogenic organisms selected from ihe above organisms such as 

10 Micrococcus sp and Arlhrobacrer sp may be used directly in food and/or drink compositions 
such as dairy formulations so as to provide compounds of ihc formuJae of the invention. 
'J he drinlc/food compositions also need to contain a phytoestrogen source such as soya. 

Microbial conversion of Daid2:ein and Glycitein to Factor-2 can be effected using the 
following microbial organisms: Axthrobacter including agilh\ aurescens. pascens. oxydans, 

15 niconnae^ and cwnminsiU Brevibacienum epidermidis (converts glycitein lo Factor 2); 
Micrococcus lutcus (converts glycitein to Factor 2), Microbactenum arborescens (converts 
daidzein lo Factor 2 & glycitein), Streptomyces ^7? roseolus (converts daidzein/glycitein to 
8,3'-dihydroxy-6,7,4-Trimethoxyisoflavone or daidzein/glycitein to 7,8,4* & 7,3*4'- 
irihydroxyisoflavones, depending on culture medium). The various microbial conversions 

20 are disclosed in detail in Klaus, K. and Barz, W.; Arch MicrobioL 164 (1995) 428-434; 
Klaus. K., Borger-Papendorf, G. and Barz, W.: Biochemistry 34(4) (1993) 979-981; 
Mackenbrock, K and Bar2. W.: Naturforsch. 38c (1983) 708; Chimura, H. et ah J. AniibioL 
28 (] 975) 6 1 9-626; Funayama, S. et ah J, AntibioU 42 ( 1 989) 1350-1355 and Komiyama, K, 
cv ah J, Antibiot, 42 (1989) 1344-1349, the contents of all of wliich are incorporated herein 

25 b>* reference. 

Without wishing to be bound by theory, the present inventor hypothesises that the 
meiabolic pathways of catabolism of factor 2 obtained from glycitein or daidzein are as 
shown in Scheme 1 below. Methylene unit (MU) values of tiae metabolites under the gas 
chromatographic conditions described in Example 1 are shown. 
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daidzem [MW254] 

MU 28.60 (MW 398: di-TOS) 



miorobial transformations 
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glycitein [MW254] 

MU 30.42 <MW 426; di-TMS) 



mrcrobial transformallons 



factor-2 [MW 270] 

MU 31.13 (MW485, iri-TMS) 





d[hydrofactor-2 [MW 272] 

MU 23.42 <MW 488. tri-TMS) 




2-dehydro-5-OH-ODma 

[MW 272]: MU 27.20 (MW 560. tetia^XMS) 



.^^ e^drog,-dehydroequo. 

OH MU 27.87 cisflWIW 562; tetr&-TMS) [MW256] 

MU 29.36 (MW 472. tii-TMS) 



HO 



l-IO 




S'-hydroxy-ODma [MW274] 

MU 26.12 (MW 520. tetra-TMS) 




6-hydroxy-equol [MW 268] 

MU 2B.0a (MW 474, trf-TMS) 



SCHEME 1 

An alternative source of compounds of the present invention is chemical synthesis 
Conveniently. Factor 2 or a naturally-ocouning isoflavone such as glycitein may be utilised 
5 as staning material. Schemes 2A and 2B demonstrate possible synthesis pathways of 
compounds of the invention utilising glycitein as the statting material. In Scheme 2A 
compounds 2 and 4 may be obtained from glycitein by reduction witi, lithium aluminium' 
hydride as described in Example 1. A mixture of compounds 3. 5 and 7 identified Scheme 
2A may be obtained ftom compound 8 as shown in Scheme 2B. 
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Glycitein{MW284] 
MU 30.42 (MW428; dj-TMS) 




HO 



7 




Scheme 2A 
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6-hydroxyequot tetrahyclrofiactor-2 6-hydro>cy-dehydroequol 

Scheme 2B 

Compounds of the equo) or dehydroequol series may also be prepared from the 
corresponding dihydroisoflavone (exemplified by compound 2 in Scheme 2a) by reduction 
5 of the carbonyl and dehydration of the resulting alcohol to give a compound of the 
dehydroequol series, and optionally catalytically hydrogenating the double bond in the 
pyran ring to yield the corresponding compound of the equol series. 

Unlike the isoflavonoid metabolites of ihc daidzein and genistein series, those of 
glyciiein have the synthetic advantage that the vicinal hydroxyl groups in the A-ring allow a 
iQ number of protective functional groups such as the ketals and boronates to be formed easily, 
hi the scheme (Scheme 3) below, the syntiiesis of compounds of Formula II is demonstrated 
using a L2-4-ben2enemol substrate which has been protected as an n-butyl boronate 
dcrix-ative formed using commercially available n-butylbcronic acid according to methods 
adopied in similar protective reactions [Joannou, GX. and Reeder. A,Y., Sieroids 61 1 1-17. 
15 ( 1 996)]. Otlier alkyl boroliates can be used. 
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Synthesis of 4* Methoxy-5-Hydroxy-0«Dma and similar molecules 




NaOH 2M 

Hydrogen peroxide 30%\8fv 




Stiheme 3 

111 Scheme 3, one oFRi and is H. OH or OCH3 and the other is OH or OCH3. For 
the synthesis of compounds of Formula 11 in which Rs is OCH:^, the free hydroxy! group in 
the boronate intennediate shown above may be metliylated, for example by reaction with 
meihyl iodide or methyl sulfate. It will be appreciated that when Ri or R2 is OH, it may 
require protection. When R| and R2 are both OH, they may be protected a$ a cyclic 
lx>ronate. ketal or carbonate. 

Instead of using n-butyJboronic acid, formation of protective functional groups may 
alternatively be achieved using cyclic carbonates, cyclic acetals or keials as shown in 
Scheme 4A below. Partial methyiation can also be used as shown in Scheme 4B below, 
Otlier protective groups for catechols are described in Chapter 3 of Greene, T.W, and Wuts, 
P.G-M.: Protective Groups in Organic Synthesis (2'*'* Edition) (1991) John Wiley & Sons, 
hic, USA; tlie disclosure of which is incorporated herein by reference. Compounds of the 
invention in which R| is H and R2 is OH or OCH3 or in which R| and R2 are both OH or 
OCH5 may be symhesised by analogous procedures to that shown in Scheme 4A but starting 
with 2-C3-mcthoxyphenyl)propanoic acid or 2-f 3,4-dimethoxyphenyI)propanoic acid instead 
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of ihe corresponding 4-metlioxyphenyl derivative. Similarly, compounds of formula (II) in 
accordance with diis invention, in which one of R:^ and R4 is may be prepared by an 
analogous procedure beginning with reaction of resorcinol or hydroquinone. suitably 
proiccied- with polyphosphoric acid- 
Cyclic carbonates, Acetals or Ketals 




Scheme 4A 
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Synthesis of 4'-Methoxy Factor-2 
and 

2'-Methoxy- and 4'-Methoxy-Compound A 




2'-Methoxy^ompoundA 4'4Wethoxy-Compound A 

Scheme 4B 

Fuithermorc formation of cyclic protective groups such as those described above will 
allow the synthesis of a number of the isoflavonoid compounds proposed which are 
normally difficult to obtain synthetically as in the case of tlie tetrahydro. dehydro and equol 
analogues of glycitein or its demethylated analogues- A schematic representation (Scheme 
5) is given below using 4\6,7-trihydroxyglycitein as an example. 
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Tetrahydro derivative (trans 
Zeis isomers) 




Scheme 5 

When necessary, hydroxy 1 groups in the compounds shown in Schemes 1-5 above, 
may be methylated and/or protected and deprotected, to give other compounds of formula I 
or II. Suitable protecting groups are described in the work of Greene and Wills referenced 
above. 

Compound A may be prepared by the following synthetic scheme 6: 
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PPA 
7ac. 2 h 

T 




Demethylation 
4 eq BBrg 

CH2CI2 




5-Hydroxy-O-Dma 
Compound A 

Scheme 6 

Compound B £Uid related compounds of formula (I) or (II) may be prepared as show) 
in Scheme 7. in which R is CH5, R' is C2H5, R| - R4 are each H . OH or OCH3. and R'l - R4 
are eucb H or OH, subject to the proviso that in tlie final product of formula (I) or (U) R'j 
and RS ate boih OH and/or R'3 and R 4 are both OH, 
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PPA 
70 C. 1h 

87% 




{CHzO)^, Base 

NaOH/EtOH 
70 C, 1h 




lOeq BBns 

CH2CI2 

rt. 3 days 




NaOAc, 
X MeOH 




Scheme 7 

In the above Scheme 7, the base is typically an organic amine, such as dimethylamine, 
or an alkali metal hydroxide, carbonate or bicarbonate. 
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In the synthesis of 4\6,7-trihydroxyisoflavone (5-deoxydihydroglycitein) shown in 
Scheme 7 above, the two intermediates obtained in the penultimate step prior to the 
demethylation with BBrs arc not easily separated. However, it was found that a simple 
rccn siallizaTion procedure using metlianol/water provided a quick method of separation and 
purification of the two intermediates. A similar procedure may be applied to the isolation of 
ihe methylated precursors of daidzein and genislein. namely formononetin and biochanin A 
which arc present in clover and soya. Complete methylation of formononetin and biochanin 
A may further enhance the process of rccrystallizalion of these two isoflavanoid precursors. 
Isolated formononetin or its fully methylated analogue can be used as a substrate for the 
chemical or microbial transformations to give Factor 2 or any of the compounds of Formula 
I or II defined above. 

As an example, fomiononetin or its methylated analogue may be isolated from a rich 
source such as clover or soya for subsequent microbial transformation to Factor 2 or a 
compound of formula I or IL Alternatively, isolates of clover extracts containing 
formononetin and daidzein may be fermented to produce Factor 2 or its methylated 
analogue for extraction with water and/or an organic solvent. As a further possibility. 
Factor 2 and compounds of fomiula I or 11. may be obtained by chemical transformation of 
fomiononetin- daidzein, glycitein or other naturally-occurring isoflavones as described in 
more detail above. 

The compounds of the formulae I or 11, or Factor 2, may be administered in a manner 
as is generally known in the art. The dosage utilised will depend upon a number of factors 
including the specific application, the condition being treated, the mode of administration, 
the siate of the subject, the route of administration and the nature of the particular 
compound used. 

Typically, a daily dose amount of a compound of the invention, such as any of the 
compounds of structures (III) to (VIII) which is required in a dierapeutic treatment 
according to the invenrion, is in the range of 0-1 mg to 2 g; more typically from 0.5 mg to 1 
g: even more typically from 50 mg to 500 mg; most typically from 50 to 250 mg. 

In the production of a pharmaceutical composition of the present invention any one or 
more of the compounds of formulae I or II, or Factor 2^ is/are typically admixed with one or 
more pharmaceutically acceptable carriers, adjuvants, diluents and/or excipients as are well 
known in tiie art. 

The carrier must, of course, be acceptable in the sense of being compatible with any 
oiher ingredients in the composition and must not be deleterious to the subject. The carrier 
or cxcipient may be a solid or a liquid, or both, and is preferably formulated with the 
compound as a unit-dose, for example, a tablet, which may contain from 0.5% to up to 
1 00% by weight of tiie active compoimd. 

Typically, one or more of the compoimds of structures (III) to (VIII) may be 
incorporated in the compositions of the invention, which may be prepared by any of tl^e well 



WO00/66S76 22 PCT/AUOO/0(I392 

knO\N-n techniques of pharmacy consisting essentially of admixing the components, 
opiionally including one or more accessory ingredients. 

The compositions of the invention are typically formulaicd to include ihosc suitable 
for rectal, optical, oral, buccal, parenteral (for example, subcutaneous, intramuscular, 
5 iniradcrmaU or intravenous) and transdermal administration, allhough the most suitable 
rouie m any given case will depend on the nature and severity of the condition being treated 
and on xhc nature of the particular active compound which is being used. 

For parenteral administration, tlie compoand(s) of the invention may be prepared in 
sterile aqueous or oleaginous solution or suspension. Suitable non-toxic parenterally 
10 acceptable diluents or solvents include water. Ringer's solution^ isotonic salt solution, 1,3- 
buiancdioh ethanoU propylene glycol or polyethylene glycols in mixtures with water. 
Aqueous solutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include sodium acetate, sodium citrate, sodium borate or sodium 
tartrate, for example. 

15 Compositions of the invention may be prepared by means known in the an for the 

preparation of compositions (such as in the art of preparing veterinary and pharmaceutical 
compositions) including blending, grinding, homogenising, suspending, dissolving, 
emulsifying, dispersing and where appropriate, combining or mixing of the compound(s) of 
any of l-ormulae I or II, or Factor 2 together witli the selected excipient(s), catTier(s), 

20 adjuvani(s) and/or diluent(s)- 

Compositions formulated as suitable for oral administration may be presented in 
discrete units, such as capsules, cachets, lozenges, or tablets, each containing a 
jDredetermined amount of the prefeired active compound; as a solution or a suspension in an 
aqueous or non-aqueous liquid; as a powder or granules: or as an oil-in- water or water-in-oil 

25 emulsion. For example, compressed tablets may be prepared by compressing any one or 
more compounds of formulae 1 or II, or Factor 2, in a free-flowing form, such as a powder 
or granules, opiionally mixed with a binder, lubricant, inert diluent, and/or surface 
aciiN'e/dispersing agent(s). Moulded tablets may be made by moulding, in a suitable 
machine, a powdered compound of any one of formulae I or II, or Factor 2, moistened with 

ao an inert liquid binder. 

Solid forms for oral administration may contain phamiaceutically or veterinarily 
acceptable binders, sweeteners, disintegrating agents^ diluents, flavourings, coating agents, 
preservatives, lubricants and/or time delay agents. Suitable binders include gum acacia, 
aelaiin, coni starch, gum tragacanth. sodium alginate, carboxymethylcellulose or 

35 polyeti^ylene glycol. Suitable sweeteners include sucrose, lactose, glucose, aspartame or 
saccharine. Suitable disintegrating agents include com starch, methylcellulose^ 
polyvinylpyrrolidone, xanthan gum, bentonite, alginic acid or agar. Suitable diluents 
include lactose^ sortsitoL mannitol, dextrose, kaolin, cellulose, calcium carbonate, calcium 
silicate or dicalcium phosphate. Suitable flavouring agents include peppermint oil, oil of 

«o winiergreen. cherry, orange or raspberry flavouring. Suitable coating agents, include 
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polymers or copolymers of acrylic acid and/or methacrylic acid and/or their esters, waxes, 
iatry alcohols, zein, shellac or gluten. Suitable preservatives include sodium benzoate, 
vitamin E. alpha-iocopherol, ascorbic acid, methyl paraben, propyl paraben or sodium 
bisulfite. Suitable lubricants include magnesium stearate, stearic acid, sodium oleate, 
5 sodium chloride or talc. Suitable time delay agents include glyceryl monostearaie or 
glyceryl disiearaie. 

Liquid forms for oral administration may contain, in addition to the above agents, a 
liquid carrier. Suitable liquid carriers include water, oils such as olive oiK peanut oil, 
sesame oiK sunflower oiL safflower oil, arachis oil, coconut oil, liquid paraffin, etliylene 

10 glycol, propylene glycol, polyethylene glycol, ethanol, propanoic isopropanoL glycerol, fatty 
alcohols, triglycerides or mixtures thereof. 

Suspensions for oral administration may further comprise dispersing agents and/or 
suspending agents. Suitable suspending agents include sodium carboxy-methylcellulose, 
methylceilulose. hydroxypropylmethyl-cellulose, polyvinyl-pyrrolidone. sodium alginate or 

is cetvl alcohol. Suitable dispersing agents include lecithin, polyoxyethylene esters of fatty 
acids such as stearic acid, polyoxyethylene sorbitol mono- or di-oleate, -stearate or -laurate, 
polyoxyethylene sorbitan mono- or di-oleate, -stearate or -laurate and the like. 

The emulsions for oral administration may further comprise one or more emulsiiying 
agents. Suitable emulsifying agents include dispersing agents as exemplified above or 

20 natural gums such as guna acacia or gum tragacanth- 

For parenteral administration, the active compound(s) of Formulae 1 or II or Factor 2 
may be prepared in sterile aqueous or oleaginous solution or suspension. Suitable non-toxic 
parenterally acceptable diluents or solvents include water. Ringer's solution, isotonic salt 
solution, 5% dextrose in waten buffered sodium or ammonium acetate solution, 1,3- 

25 butanediol. ethanoK propylene glycol or polyethylene glycols in mixitires with water. 
Aqueous solutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include sodium acetate-, sodium citrate, sodium borate or sodium 
tanrate, for example. These preparations suitable for parenteral administration, are 
preferably administered Intravenously, although administration may also be effected by 

30 means of subcutaneous, intramuscular, or intradermal injection. Aqueous solutions for 
parenteral administration are also suitable for administration orally or by inhalation. 

Typical paremerally administered preparaiions may conveniently be prepared by 
admixing one or more of the compounds of structures (III) to (VIII) with vsratcr or a glycine 
buffer and rendering the resulting solution sterile and isotonic with the blood. Injectable 

35 formulations according to the invention generally contain from 0,1% to 70% w/v of active 
compound and are typically administered at a rate of 0.1 ml/minute/kg. 

For rectal administration, the compound(s) of Formulae 1 or II or Factor 2 is suitably 
administered in the form of an enema or unit dose suppository'. A suitable suppositoxy may 
be prepared by mixing tlie active substance with a non-irritating excipient which is solid at 

40 ordinary temperatures but which will melt in the rectum. Suitable such materials are cocoa 



wo 00/66576 _ PCT/AUOa/011392 

24 

butter, waxes, fats, glycerol, gelatin and polyethylene glycols. Suitable enemas may 
comprise agents as exemplified above with reference lo forms for topical administration, 

Suixabh'. an inhalation spray comprising a compound(s) of Formulae 1 or II or Factor 
2 will be in the form of a solution, suspension or emulsion as exemplified above. The 
5 inhalation spray coraposuioD may ftsnher comprise an inhalable propeilant of low toxicity. 
Suitable propeliams include carbon dioxide or nitrous oxide. 

The pharmaceutical composition may contain pharmaceutical ly acceptable binders, 
diluents, disintegrating agents, preservatives, lubricanis. dispersing agents, suspending 
agents and/or emulsifying agents as exemplified above. The veterinary composition may 
10 contain veterinarily acceptable binders, diluents, disintegrating agents, preservatives, 
lubricants- dispersing agents, suspending agents and/or emulsifying agents as exemplified 
above. 

The in^-ention includes compositions which are used for topical application which 
may be a cream, ointment, paste, solution, cmtilsion. lotion, milk, jelly, geU spray, aerosol. - 
15 oLL stick, roii-on or smooth-on, wherein the active compound comprises up lo about 90%, 
more rypicaih- 10%, by weight of the composition, even more typically from about 0.1% to 
about 5% by weight, for example 3.5% by weight, even more typically from 0,5% to 2% 
w/w, and the compositions include topically suitable carriers, diluents* excipients, adjuvants 
and other additives. 

20 illustrative of pharmaceutically or cosmetically topically acceptable cairiers or 

diluents are deniineralized or distilled water; saline solution; vegetable based oils such as 
peanut oil, safflower oil, olive oil, cottonseed oiU maize oil, sesame oil, aracliis oil or 
coconut oil: siliconQ oils, including polysiloxanes, such as methyl polysiloxane, phenyl 
poiysiloxane and methylphenyl polysiloxane; volatile silicones: mineral oils such as liquid 

25 paraffin, soft paraffin or squalane; cellulose derivatives such as methyl cellulose, ethyl 
cellulose, carboxymetliylcellulose^ sodium carboxymetliylcellulose or hydroxypropyl- 
methylcellulose; lower alkanols, for example ethanol or iso-propanol; lower aralkanols; 
lower polyaikylcne glycols or lower alkylene glycols, for example polyethylene glycol, 
polypropylene glycol, ethylene glycol, propylene glycol, 1,3-butylene glycol or glycerin; 

30 fatty acid esters such as isopropyl palmitate, isopropyl myristate or ethyl oleate; 
polyvinylpyrrolidone: agar; carrageenan; gum tragacanth or gum acacia^ and petroleum 
jelly. Typically, the carrier or carriers will form from 10% to 99.9% by weight of the 
composition. 

Adjuvants typically include emollients, emulsifieis. thickening agents, preservatives, 
35 bacteriocides and buifering agents. 

Emollients suitable for inclusion in a topical composition of the invention include 
faity esters such as isopropyl myristate, cetyl acetate, diisopro^yl adipate or C,, - Ci, alcohol 
benzoates: faay alcohols such as lauryl alcohol, myristyl alcohol, cetyl alcohol, stearyl 
alcohol or ceto$tearyl alcohol; mineral and vegetable oils such as. aloe vera and jojoba oil; 
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lecithin: Vitamin E: lanolin; sorbitol and glycerin. Typically, the emollient or emollienls 
will form from 10% to 99,9% by weight of the composition. 

Suitable thickening agents include sodium stearate, calcium sicamtc, magnesium 
siearaie, calcium palmitate and magnesium palraiiaie, dextran. dexirins. siarch and starch 
b products, gelatin, cellulose derivatives as exemplified above, collagen, v^ater soluble 
polymers such as carboxyvjnyl polymer, polyvinyl alcohol or polyvinyl acetate, pectin, 
xanihan gux7i5. bcntonite, hyaluronic acid, fumed silica and the like. Typically, die 
ihickcninii agent or agents will form from 0, J% to 20% by weight of the composition. 

Typical preservatives include ascorbic acid and its saiis, erythorbic acid and its salts, 
10 eih\i and iso-propyl p-hydroxybenzoates, benzalkonium chloride, benzyl alcohols 
phen\'letliaiiol and glydant chlorobutanol. Typically, the preservative or preservatives will 
ibmi from 0.1% to 1 2% by weight of the composition. 

Suitable buffering agents are salts of boric, acetic, phosphoric, citric, malic, silicic 
ticid.s and the like, for example sodium citrate, sodium bicarbonate, sodium acetate and 
15 sodium phosphate. Additionally or alternatively, the free acids may be used, together with 
an alkali such as sodium liydroxide, sodium carbonate, sodium bicarbonate, potassium 
hydroxide, potassium carbonate or potassium bicarbonate. Typically, the buffering agent or 
agents will form from 0. 1 % to 20% by weight of the composition. 

Emulsifiers may also be included in a topical composition of the invention, 
ao Illustrative nonionic emulsifiers include fatty acids such as oleic acid, stearic acid and 
palmitic acid: esters of lactic acid, tartaric acid, ascorbic acid or citric acid; polyalkylene 
glycol esters such as polyoxyethylene glycol monostearates, polyoxyelhylene glycol 
monolaurates: polyoxyethylene glycol distearates or polyoxyethylene glycol dilaurates; 
polyalkylene glycol ether derivatives of aliphatic or cycloaliphaiic alcohols such as 
25 polyoxyethylene nonylphenol ether, polyoxyethylene cetyj ether or polyoxyetihylene stearyl 
ether: heximn esters, for example sorbitan monolaurate, sorbitan monooleate, sorbitan 
disiearate. sorbitan trisiearate, sorbitan dil'auraie or sorbitan trilaurate: fatty esters such as 
giyceiyl monostearate, etliylene glycol monostearate. propylene glycol monostearate or 
butylene glycol monostearate; sorbitol and etlioxylated sorbitol esters of fatty acids such as 
30 polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan monolaurate, polyoxy- 
ethylene sorbitan monooleate, polyoxyethylene sorbitan distearate, polyoxyethylene 
sorbitol) dilaurate, polyoxyethylene sorbitan dioleate, polyoxyethylene sorbitaii triistearate, 
polyoxyethylene sorbitan trilaurate or polyoxyethylene sorbitan trioleate; long-chain 
alcohols such as lauryl, myristyl, stearyl oleyl, cetyl or cetostearyl alcohol; polysaccharides 
35 such as starch and starch derivative, cellulose derivatives as exemplified above, agar^ 
tragacanth, acacia and alginic acid; and steroidal derivatives such as lanolin alcohols or 
ethoxylated lanolin alcohols, and beeswax. Illustrative ionic surfactants include 
irieihanolamine and amine soaps such as triethanolamine stearate: anionic soaps such as 
calcium or magnesium salts of stearic acid or palmitic acid: fatty alcohol sulfates* for 
40 example sodium lauryl sulfate: alkyl or aralkyl sulfainates such as sodium sulfosuccinates or 
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sodium dodecylbenzenesulfonaie; quaternary ammonium saks containing at least one long- 
chain aikyl group as N-$ubstimem, for example stearyl trimeihylammonium chloride, and 
phospliate esters of polyalkylene glycols. Typically, the emulsifier or emulsifiers will form 
iVom 0,1^0 to 99% by weight of the composition, 

5 The topical compositions of die invention may further include a sunscreen. Suitable 

sunscreens include opacifiers such as titanitjm dioxide or zinc oxide; p-aminobenzoic acid. 
isobutyl p-aminobenzoate, glyceryl p-aminobenzoate, or N-substituted derivatives of p- 
aminobenzoic acid such as isoamyl p-dimethylaminobcnzoate. pentyi p-dimcthylamino- 
bcnzoaie. octyl p-dimethylaminobenzoate or ethyl 4-fbis(2-hydroxypropyl)amino]benzoate; 

10 2-]iydroxy-K4-naphthoquinone; octocrylene; octyl p~methoxycinnamate or 2-ethoxycthyl p- 
meiboxycinnamate: salicylate esters such as octyl salicylate, homomemhyl salicylate or 2- 
[bis(2-hydroxyethyl)-amino]ethyl salicylate; oxybenzone and methyl anthrantlate. 
Typically, the sunscreen or sunscreens will form from 0. 1 % to 1 0% by weight of the 
composition. 

15 " Addtllonally. it will be understood that the topical compositions of the invention may 
include suitable colouring agents and/or perfumes well known in the art. Typical examples 
ol suitable perfuming agents are provided in S, Arctander, "Perfume and Flavor Chemicals"^ 
Montclair. New Jersey, 1969, 

Formulations suitable for transdermal administration are typically presented as 

20 discrete patches adapted to remain in intimate contact with the epidermis of the recipient for 
Q prolonged period of time. Such patches suitably contain at least one compound of 
formulae I or II, or Factor 2, preferably one or both of compounds A and B, as an optionally 
buffered aqueous solution of, for example, O.lM to 0.5M concentration with respect to the 
said active compound. More typically, one or both of compounds A and B are present in a 

25 concentration of 0*1-0.3M concemmiion. 

The active compounds of fomiulae I or II may be provided in the fomi of food and/or 
drink compositions, such as being added to, admixed into, coated or combined with a food 
or drink product. 

Typically, food and drink compositions of the present invention are dairy based. 
30 More typically, one or more of compounds of structures (III) to (VIII) are combined or 
otherwise formulated into a dairy based food or drink product such as a milk drink or 
supplement, and a chilled or frozen dairy product such as a dairy based dessert* 

Therapeutic methods, uses and compositions may be for administration to humans or 
animals, including domestic animals, birds (including chickens, turkeys, ducks), livestock 
35 animals (such as cattle, sheep, pigs and goats) and the like. 

It will be appreciated that the examples referred to above arc illustrative only and 
other suitable carriers, diluents, excipients and adjuvants known to the art may be employed 
vkithout departing from the spirit of the invention. 

Embodiments of the invention will now be described with reference to the following 
4b non-limiting Examples. 
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EXAMPLE 1 

S-hydroxy-O-demethylangolensin (Compound A) {J-(2,4,5-trihydroxyphenyl)-2-(4'- 
liy d roxj^phcny I)-p ro pa n-l -one] 

1 A<i product of lithium gihiminivtm hvdride reduction re action fro m glycitcin 
5 Glycitein (20.16 mg, 0.75x10"^ mol) was weighed out and dried under vacuum. The 
dried glyciiein was dissolved in anhydrous THF (~3.0 ml) and to this solution 10 eq of 
LiAIHa (1.0 M in ether) was added dropwise at room temperature. The reaction was 
allowed to siir at room temperature overnight, then relluxed Ibr 5 hr. After workup the 
!>oluiion was filtered through celite using meihanol. The filtrate was concentrated and 
10 analysed by GC and HPLC (MeOH/H20 40:60). Among the products separated by GC 
ihoiie at MU 25.69 and 28.65 were the major ones. After isolation of the two major 
products by preparative HPLC, these were analysed by GC-MS characterising them as 
derivaiives of Compounds; A and B respectively. Demethylation of Ihese products was 
achieved by boron trlbromide in dichloromeihane at room temperature for three days 
15 accordinii to Bannwart C et aL, (Finn. Chem, Lett. 1984, Vol 1 1, p 120). In performing tlie 
GC-MS. a 30 metre SE30 capillary colunui was used with temperature program of 200- 
230'*C at increments of Z^'C/min, and 230-280^C at increments of lO°C/min, The carrier 
ga$ was helium. 

2. As a product nf acvlation reaction 

20 Stepl: Formaizoriof2A5J*'tetramethoxy-a-me(hyldesoxybenzoin. To a mixture of 

2-(p-methoxyphenyl)propionic acid (0.20 g, 1.11 mmol) and poiyphosphoric acid (5 gm), 
U3,4-trimethoxy benzene (0.186 g, 1.11 mraol, 0.166 ml) was added. The mixture was 
allowed to heat to 75^C while stirring for 6 hours. TLC (30% EtOAc:Hexane) and gas 
chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) analyses 

25 confirmed die presence of two major products with MU values of 24.68 and 25.01 (ratio 
1 :4). Chromatography on silica column (30% EtOAciHexane) allowed the isolation of the 
two products. Product MU 24,92 was isolated as a crystalline low melting solid. NMR data 
and GC-MS data confirmed the above structure. A 42% and 11% yield was obtained for 
products MU 25.01 and MU 24.68 respectively. 

30 S/ep 2: Formaiion of 2,4,5,4 '"tetrahydroxy-CL-methyidesoxybenzain. The product 

2.4.5,4'-teiramcthoxy-a-melhyldesoxybenzoin (MU 25.01; 0.063 g) obtained from Step 1 
above was dissolved in anhydrous dichloromethane (30.0 mL) and boron tribromide (0,271 
1.08 mmol) was added to the solution. The mixture was allowed to stir at room 
temperature for 24 hours under nitrogen. TLC (30% EtOAc:hexane) established the 

35 presence of a single product which on GC analysis as the trimethylsilyl ether gave a single 
peak at MU 26.01. After workup with ice/water the product was extracted with diethyl 
edier, washed witli water, dried and concentrated to give a crude yellow oil, which by NMR 
and GC-MS data was confirmed to be 2,4,5,4 '-tefrcihydroxy-CL-nielhyldesoxybenzoin. 
Mass Snectra Data (EIMS: electron ionisatiori; CIMS: Chemical ionization: Hi^h 

40 resolution: HR) 
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. HR: 274.084267, theoretical 274.084267. 

ElMS: nVz {% rel hit) 274 [M]h- (14). 153 (100); 121 (29), 77(8), 

ElMS asS the tetra-trimethylsilyl derivative: 562(1.6): 547(4.7); 457(1.6 ); 369(J00): 281 
(6,7 ): 103 (5.4); 147(2-7). 
5 CJMS as the leLra-irimcthylsilyl derivative: M*+^ I =563(75): 547(5<?): 491(15); 370 (31); 
369(100); 193(22). 
NMR Data 

(Aceione-d6. 2.05 ppm) 5 1-39 (3H, d. J=7.2Hz, CH,). 4.62 (IH. q, J=7,2 Hz, CH). 6,29 
10 n H. a_ ArH-3). 6.75 (2R d, J= 9,2 Hz, ArH-3\5^). 7.17 (2H. d. J=9.2 Hz. ArH-2\6'^), 7.33 
(IH. s, Ar-6)8.73 

(Acetone-d6, ppm) 18.73, 45.59, 103.05, 110.845, U5.38, 115.58, 128.51. 132.96. 137.60, 
153.86, 156.25. 159.85.204.77. 
IS UV: ?.niaN *=^283 nm 

EXAMPLE 2 

5-deoxydihydrogIycitein (Compound B) 

Compound B was obtained in a series of reactions as illustrated in Scheme 7, 
involving an acylation reaction, formation of an a-alkenyl ketone and 

20 cyclisation/demethylation. In brief. 2,4,5-trimethoxyphenyl-4--methoxybenzyl ketone was 
obtained as an intermediate in an acylation reaction using 1.2,4-trimethoxyben2ene (5.9 
mmol). 4-methoxypJicnylacetic acid (5.9 mmol) and polyphosphoric acid (17 gm) after 
heating at 70'^C for one hour with mechanical stirring. Potassium carbonate was then added 
to the reaction for another one and half hours. The crude product was purified by 

25 recrysiallization from ethyl acetate and light petroleum to give light yellow crystals (75% 
yield). The a-alkenyl ketone was subsequently obtained by a modification of 
Gandliidasan's method (Gandhidasan R ei aL^ SynthesLw 1982, 1110). In brief, to a 
suspension of 2,4-5-trimethoxyphenyl^'-niedioxybenzyl ketone in eihaiiol^ para- 
formaldehyde and N^N-dimethylamine was added and the mixture was allowed to reflux 

30 while heated for one hour. When the reaction was complete, the precipitate was filterecl and 
the filtrate was concentrated in vacuo, after which the residue was dissolved iji ethyl acetate 
and washed with water. The organic layer was dried with magnesium sulphate and filtered, 
and the solvent was removed to give the crude product On purification by flash 
chromatography two compounds were obtained in 57% yield. Fractional recrystallization of 

35 the mixture gave I-(4-methoxyphenyl)-l-(2,4,5-trimethoxybenzoyl)ethyIene as the major 
product (--41%) and a-ethoxymethy 1-2 AS-triniethoxypheny 1-4' -methoxy benzyl ketone as 
the minor product (-17%). The method provided the best yields when 1% potassium 
bicarbonate is used instead of the dimethylamine in tlie metliylation step. 
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When sodium hydroxide was used instead the percentage yield was Jower namely 
?S% and 14% I'espectively for these two products. The desired dihydro product Compound 
B (6.7.4"-irihydroxyisoflavone) was finally obtained by demeihylaiion of 1 -(4-methoxy- 
phcnyl)-l-(2.4.5-irjmethoxybenzoyl)cthylenc using boron tribron»ide in dichloromcihane at 
5 room temperature for three days according to Bannwart C et aL, Finn. Chem. Lett. 11 120 
(1984) foHowed by cyclisation of the resulting brominatcd intermediate by sodium acetate 
in methanol. 

In the foniiaiion of the a-alkenyl ketone in the absence of a base the reaction will not 
proceed and the starting material will remain unchanged. The good yield of this method 
10 provides a good chemical method for the synthesis of a number of the dihydro derivatives of 
daidzein. genistein or glycitein. 

Mass Spectra Data (EIMS electron ionization: CIMS Chemical ionisatipn: High resolution 
HR) 

Compound B: HR: 272.0673 theoretical 272.0673 
IS EIMS: m/z (% rel. int) 272 [M]+ (31), 244 (9); 168(7); 153 (100); 120 (40); 107 (27): 91 
(11). 

CIMS: 301 M+29 (14); 273 M+I (52); 257 (37); 137 (23); 97 (17); 83 (45); 71 (100). 
EIMS as the tri-trimethyisilyl derivative: MU 28.48. MW 488; 488 (14); 473 (7); 369 (30); 
296 (100): 281 (9); 192 (27); 177 (24); 147 (9). 
20 NMR Data 

'H n.m.r. f Acetone-d6) 5 2.05 ppm (IH, dd. h.2«n = 5.0 Hz, hj2^ = 9.5 Hz, H-3), 4.14 (IH, 
dd. J2,x.2c<, = 9.7 Hz, J J2a.o - 9.6 Hz, H 2a.O. 4.99 (1 H, dd, J 2«q.2aN-= 9.8 Hz. J 2eq,3 = 4.9 Hz, 
H 6.38 (IH. s. ArH-8). 6.82 (2H, d, J=8.6 Hz, ArH-3",5'), 7.27 (2H, d, J= 8.6Hz, ArH- 
2-.6'), 7-46(lH,s, ArH-5). 
25 '-V n.m.r. (Acetone-d6, 29.8 ppm) 5 33.5, 54.6, 103.9, 111.9, 116.6, 128.4, 129.3, 138.78, 
155.2, 158.0, 160.4,201.8. 
UV: 

EXAMPLE 3 

l-(2,4-dihydroxyphenyI)-2H;3%4'«dihydroxyphenyl)-l-oxo-2-propene (3'-hydroxy-0- 
30 demerhyldehydroangolesin); structure (VI) 

J.. I -{2. 4-dihydroxyphenyl) '2-(3 \ 4 WihydroxyphenyI)-}-oxo-ethane 

A mixture of 1,3-dimethoxybenzene (2,00 g, 14,47 mniol) and 3,4- 
dienithoxyphenylacetic acid (2.84 g. 14,47 minol) in polyphosphoric acid was heated at 
BO^^C for 2 hours. After cooUng-v the mixture was poured onto ice water and the water was 
35 extracted with ethyl acetate (50mL). The combined organic phases were washed with 
water, sodium bicarbonate solution and water and dried over anhydrous magnesium sulfate. 
Ev aporation of the solvent gave light yellow crystals of l-(2,4-dJhydroxyphenyl)-2-(3\4'- 
dih\ droxyphenyI)'l-oxo-ethane which were purified by recr>'stallisaiion. 
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2- 7-/2 4'clisnethoxyphenyl}-2'(3 \ 4 '-dimethoxyphenyb-J-oxo-l-ptopene mid l^(2A^i' 
m(£ihoxyphenyl)-2-(3 \4 '^dimeihoxyphenyU-J-oxO'^-eihoxy'-propane 

A mixture of the product of step 1 (3.504 g. 1 1 .08 mmol), 95% parafonnaldehyde 
(1.275 g. 46.66 mmol) and N^N-dimethylamine C5.6 mL. 46,66 mmol) in ethanol (58 mL) 
5 was heated under reflux for one hour. Then potassium carbonate (1.612 g, 1 1.67 mmol) 
wns added lo the mixture and heatiiig under reAux was continued for a further three hours 
afier which the precipitate was removed by filiration and the solvent was removed under 
reduced pressure. The residue was dissolve in ethyl acetate and the soluiion was washed 
with water. 0.2M HCl and water, dried over magnesium sulfate and concentrated to give a 

10 yellow oil. 1 -(2.4-dlmethoxypheny l)-2-(3 \4'-dimetho>:ypheny l)-! -oxo-2-propcne was 
separated from 1 -(2.4-dimethoxypheny l)-2-(3 ' .4 '-dimethoxypheny 1)- 1 -oxo-3 -etlioxy- 
propane by column chromatography with a mobile phase of 40%elhyi acetate in hexane. 
3 . /'f2. 4''dihydtoxyphenyl)-2-(3 \ 4 ''dihydroxyphenyiy-l-oxo-l-propene 
().406 g (1 ,08 mmol) of l''(2,4-dimeThoxyphenyl)-2-(3\4'-dimethoxyphenyI)--I-oxo-3- 

15 oihoxy-propiane were reacted with boron tribroniide (10,84 mmol) in 22 mL 
dichloromethane for three days by Lhe method of BaiHiwan C. aL. Finn. Chem. LeiL 11 
120 (1984). Workup and chromatography of the reaction product afforded l-(2,4- 
dibydroxyphenyl)-2-(3\4'-dihydroxyphenyl)-l-oxo-2-propene as the minor product and 1- 
(2-4-dihy droxyphenyi)-2-(3 \4'-dihydroxyphenyl)- 1 -oxo-3-bromo-propane as the miajor 

20 product 

Mass spectral data (electron impact) for 3-(2,4-dihydroxyphenyl)-2-(3',4'- 
dihydrox3'phenyI)-l-oxo-2-propene as teira-TMS derivative: m/z (% relative intensity) at 
209 (10), 267 (4.5), 281 (100). 545 (20), 560 (23), 

EXAMPLE 4 

25 7-hydroxy-(3%4'-dihydroxyphenyl)"2^-dihydroisoflavonc (3'^hydroxy-dihydro- 
daidzcin); structure (VII) 

0.157 g of l-(2,4-dihydroxyphenyl)-2-(3\4'-dihydroxyphenyI)-l-oxo-3-brorao- 
jiropane. the major product of step 3 in Example 3. and about 2 molar equivalents of sodium 
acetate ware mixed with 88 mL of methanol and heated at about 60*^C for 4 hour$- After 

30 cooling, tiTie mixture was acidified to pH 5 and the methanol was removed under reduced 
pressure. The residue was dissolved in ethyl acetate (50mL) and the solution was washed 
^vitji water and concentrated. The crude product was separated by column chromatography 
to yield approximately equal amounts of l-(2,4-dihydroxyphenyl)-2"(3\4'*dibydroxy- 
pheny])-] -oxo-2-propene and 7-hydroxy-(3%4'-dihydroxyphenyl)-23-diliydioisoflavone. 

35 Mass spectral data (electron impact) for 7-Iiydroxy-(3\4'-dihydroxyphenyl)-2,3- 

dihydroisoflavone as tri-TMS derivative: m/z (% relative intensity) at 192 (7*2), 281 (100), 
473 (6.6). 488 (17). 
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EXAMPLE 5 

1 -(2,4-dihydroxyphcnyl)-2-(3%4'-dihydroxyphenyl)-l-oxopropane; structure (V) 

The title compound was obtained by catalytic hydrogenation of l'-(2,4- 

dihYdrOxyphcnyl)-2-(3\4'-dihydroxyphenyI)-I-oxo-2-propene obtained as in Example 3 or 
5 Example 4. To a solution of l-(2.4-dihydroxyphenyl)-2-(3\4^-dihydroxyphcnyl)-l"OXO-2- 

propene in methanol was added palladium on carbon, and hydrogen gas was bubbled 

\ i goroiisly ihrough the solution for ten minutes. Removal of ihc catalyst and evaporation of 

the solvent afforded the title compound. 

Mass spectral data (electron impact) for l-(2.4-dihydroxyphenyl)-2-C3\4'- 
10 dihydroxy phenyl)- l-oxopropane as tetra-TMS derivative: mfz (% relative intensity) at 209 

(5,8). 281 (100), 369 (2.4), 457 (1.2), 459 (1,3). 547 (4.0), 562 (1.2). 

EXAMPLE 6 

l-(2,4,5-trihydroxyphenyl)-2-(4-hydroxypheiiyl)-l-oxo-2-propene (S-hydroxy-I- 

dchydro-O-Dma); structure (VUI) 

. 15 This compound was prepared as shown in Scheme 7 utilising methodology analogous to 
ihat described in Example 3. 

Mas5 spectral data (electron impact) for l-(2,4,5-trihydroxyphenyl)-2-(4- 
hydroxyphenyl)-l-oxo-2-propene as tetra-TMS derivative: ni/z (% relative intensity) at 147 
(40), 28 1 (28), 369 (63). 370 (20), 545 (94). 546 (46), 560 (100). 561 (50). 562 (27). 

io EXAMPLE 7 

Bacterial sp and culture conditions: 

The standard incubation assays of bacteria (100 mg wet wt) widi isoflavone substrates 
(5 X lO"'^ M). the composition of the mineral salt medium and the isolation of the 
irans formation products from the medium were essentially as described according to Klus, 

25 K. at aL Arch Microbiol 164 428-434 (1995). The mineral medium and micronutrients 
vvere used according to Pfennig and Lippert (1966). in summary Bacterial sp were 
cultivaied on Merck Standard I nutrient agar and for incubation experiments for 15 hr in 100 
mi Merck Standard I nutrient broth. Prior to incubation the bacteria were washed twice with 
200 ml Kpi buffer (0.05M, pH 7.5). After centrifugation (10,000 15 min) 100 mg 

30 bacteria (fr. Wt) were inoculated in 5 ml mineral medium and 50 |j.l substrate solution 
(DMSO-MeOH, 1:10) was applied to the bacterial culture. Substrate concentration was 5 x 
1 0 "^ The cultures were incubated in culture tubes (200 x 1 6 mm) in an orbital shaker at 200 
rpm. 30^C. 

EXAMPLE 8 

35 Rffeer^ nf isoflftVDnoj rf phytoestrogens on the induced growth of MCF^7 cells and other 
cells. 

Compound A was compared with genistein to test the cell viability of MCF-7 cells. 
Gcnisiein was known, prior to this invention^ to be the most potent individual inhibitor of 
cancer cells in in vitro experiments. The cell viability was tested using the MTS in vitro 
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cyioicixicity assay. This is considered the most convenient assay because of its ease of use, 
accuracy and rapid indication of toxicity (Malich G et al.. Toxicology^ 124(3): 179-92 
(1997). 

The results obtained show tliai at high conccnirations (40 micrograms/ml) of each. 
5 gcnisiein showed an inhibition at K 2, 3 and 6 days of incubaiion with an 1C50 of 32, 22, 15 
iind 1 8 micrograms/ml, compared with IC50 values of 6, 6, 5 and 7 for Compound A for the 
same periods respectively. More importantly, Compound A inhibited the growth of MCF-7 
cells even at low concentrations, namely 2,5 micrograms/nil and as early as within 8 hours 
of incubation and at days 1 and 2. By contrast, other isollavonoids including gcnisiein ai 
10 concentrations (<1 0 ^M) enhance rather than inhibit the growth of MCF-7 cancer cells. 

IC50 values observed for other compounds of the invention against MCF-7 cells were 
as follows: 

Compound of stnicture: IC50 (^g/mL) 

(IV) 6-10 
CV) 10-20 

(VI) 3.2 

(VII) about 28 

(VIII) <8 

Tlie compound of structure (VI) was also tested agamst PCS and LNCap cells and the 
iC50 values observed were 6*2 and 7.0|i.g/mL respectively. 

15 EXAMPLE 9 

Comparative inhibitory and proliferative effects of daidzein and genistcin, their 
methylated analogues a&d xmctabolites with 5-hydroxy-O-Dma (compound A) on 
MCF7 cells 

/« virro cell tissue culture experiments with MCF7 breast cancer cells when 
20 incubated with 5-hydroxy-O-Dma (Compound A) showed significant inhibition as 
compared with genistein, daidzein or iheir methylated precursors, namely formononetin and 
biochanin A or their metabolites for concentrations of 15-40 ^ig/ml. This variation was 
more significant when cells were incubated for 8 hours where it was demonstrated that 
5-hydroxy-O-Dma had an IC50 of 6 |Lig/ml as compared with that of genistein which had an 
25 IC50 of >40 p.g/ml for the same period of incubation. Subsequent incubations at 24hours, 
48 hours, 72 hours and 144 hours revealed that the IC50 value of S-hydroxy-O-Dma 
remained basically unchanged: ie remained in the range of 4-7fig/mL This is in contrast to 
the IC50 values obtained for genistein after incubations for 48 hours (IC50=38) and 144 
hours (IC50=«15tig/ml), 

30 For concentrations of less than or equal to lO^M of 5-hydroxy-O-Dma and genistein, 
no significant inhibition was observed. However, in the case of genistein, some 
proliferative activity of cancer cells was demonstrated at concentrations of less tlian or equal 
to lO^M, whereas 5-hydroxy-O-Dma showed no proliferative activity of cancer cells. 
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When daldzein» fonnononetin, biochanin A and other metabolites of daidzein and 
genistein such as dihydrodaidzein. tetrahydrodaidzein (transisomcr). O-Dma, 6-hydroxy-O- 
Dma and cquol were tested for their inliibitory effect on MCF7 cells, it was found that with 
the exception of biochamn A and 6-hydroxy-O-Dma which showed some inhibition with an 
5 IC50 of 1 8-23 !.ig/ml at 72 md 144 hours incubation, all other metabolites had no significant 
effect, whh their IC50 values at about 36->50jig/mK 

These rcsuhs suggest that compound A i5 a potent inhibitor of breast cancer cells but 
more importantly, compound A showed no proliferative activhy of cancer cells at low 
concentrations as genisiein docs. The 6,7-dihydroxy groups in compounds of the invention 
10 appear to be critical for this difference of biological activity of compounds of the invention 
when compared with analogues such as O-Dma and 6-hydroxy-O-Dma, 

EXAMPLE 10 

Comparative inhibitory effects of daidzein and genistein, their methylated analogues 
and metabolites with 5-hydroxy-O-Dma (compound A) on breast cancer cells 

16 5-Hydroxy-O-Dma when tested with MDA-MB-468 (estrogen negative) cancer ceils 

showed significant inhibition at day 6 (IC50 = 6.8 fjtg/ml) as compared with 8.8 p.g/ml for 
genistein and 3-7 times more inhibitive when compared with analogues of daidzein and 
genistein namely O-Dma (20 fig/ml) and 6-hydroxy-O-Dma (43 jxg/ml) respectively. The 
IC50 of 5-hydroxy-O-Dma using MCF-? estrogen positive breast cancer cells on day 6 of 

20 incubatioji was 2. 1 jig/ml for 5-hydroxy-O-Dma as compared with the analogues of 
daidzein and genisiein , namely O-Dma (38 M,g/ml) and 6-hydroxy-O-Dma (33 \xg/mY) 
respectively. 

These results suggest that inhibition of 5-hydroxy-O-Dma like that of genistein. was 
more severe for the estrogen negative (-ve) cancer than that of the estrogen positive (+ve) 
25 cancer cells which suggests that in both these cases Lhe mechanism of action is not related to 
liie estrogen receptors. 

EXAMPLE 11 

lahibitory effects of Factor'2 on breast cancer cells 

Factor 2 was obtained by complete demethylation of glycitein after 4 days of 
30 incubation with BBrj. Incomplete demethylation gave a mixture of glycitein and Factor 2. 
Ahematively, following fermentation of daidzein and glycitein from clover to give Factor-2, 
selective extraction and/or precipitation of Factor 2 from the fermentation medium can be 
easily achieved. 

Factor-2 when tested with MCF 7 estrogen positive breast cancer celJs and MDA-MB- 
35 468 CeslTogen negative) breast cancer cells showed significant inhibition of both types of 
cancer cells. Inhibition of MCF-7 cells using Factor" 2 gave IC50 values (at day 6 of 
Incubation) of 12 ptg/ml and for MDA-MB-^eS cells, the IC50 value was 8 10 ^g/ml. 
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Those skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications otiier tlian those specifically described. It is lo be 
Lindersiood ihat the invention includes all such variations and modifications which fall 
vviihin hs spirit and scope. The invention also includes all of the steps, features, 
compositions and compounds referred lo or indicated in this spccificaiion. individually or 
collcciivcly. and any and all combinations of any two or more of said steps or features. 
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Claims 

1 . A compound of foimula I or foimula II 




a). 




(II) 



in which 



A is selected fiom the group consisting of 





3 and 

one of Rj and R% is selected from H, OH and OCH3, and the other of Ri and R2 is sejected 
from OH and OCH3; 

one of R3 and R4 is selected from Hj OH and OCH3, and the other of R3 and R4 is selected 

from OH and OCH3; 
provided that at least one of tiie pairs Ri, R2 and R3, R4 are both OH; 
R5 is selected from OH and OCH3; and 
=''=^ denotes a single or double bond; 
or a pharmaceutically acceptable salt or prodrug thereof; 
with the proviso that 




(a) when A is 

are botii OH then K2 is other than H: and 
,0 



.0^ 



or 



' , and R3 and R4 




(b) when A is ^ \ ^nd R3 and R4 are both OH and R2 is OCH3, then Ri is 

other than H or OCH3. 

2, A compound according to claim 1, wherein 
one of Ri and R2 is selected from H and OH, and the other of Ri and R2 is OH; 
one of Ra and Bji is selected from H and OH, and the other of R3 and R4 is OH; 
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provided that at least one of the pairs R|, R2 and Rj. R4 are both OH; 
R5 is OH; and 



denotes a single or double bond. 




(IIA) 



wherein A is as defined in claim 1 ; 

R2 is H, and Ri is selected from OH and OCH3; 

R3 and R4 are each OH; 

R5 is selected from OH and OCH3; and 



denotes a single or double bond. 



4. A compound according to claim 1 of the formula (IB) or (LIB) 




wherein A is as defined in claim 1 ; 
Ri and R2 are each OH; 

R3 is H, and R4 is selected from OH and OCH3; 
R5 is selecied from OH and OCH3; and 



"^^^ denotes a single or double bond, 

5. A compound according to claim 1 which is 5-hydroxy-O-demethylangolesin 
(5-hydroxy-O-Dma) [ 1 -(2,4,5'-trihydroxyphenyl)-2-(4-hydroxyphenyl)-propan-l-one] 
having the structure (IV): 




or a pharmacemically acceptable salt or prodrug thereof. 
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6. A compound according to claim 1 which is 3'-hydroxy-0-demethylangolesin 
(3-hydro:ty-0-Dma) [l-(2,4,dihydroxyphenyl)-2-(3,4-dihydroxyphenyl)-propan-l-one] 
ha\'ing the structwe (V): 

HOs. ^OH 




OH 



OH 



(V) 



or a phannaceutically acceptable salt or prodrug thereof. 

7. A compound according to claim 1 which is 3'-hydroxy-0- 
demethyldehydroangolesin (3 '-hydroxy dehydro-O-Dma) [l-(2.4-dihydroxyphenyi)-2- 
(3.4-dihydroxyphenyl)-prop-2-en-l-one] having the structiwe (VI): 

MO^ ,OH 




OH 



OH 



(VI) 



or a phaimaceutically acceptable salt or prodrug thereof. 

8. A compound according to claim 1 which is 3'-hydroxy-dihydrodaidzein 
having the structure (VII): 




OH 



OH 



(VII). 



or a pharmaceutically acceptable salt or prodrug thereof. 

9. A compound according to claim 1 which is l-(2,4,5-trihydroxyphenyl)-2-(4- 
hydroxyphenyl)-prop-2-en-l-one having the structure (VIII): 



HO 



HO 



,OH 




OH 



or a pharmaceutically acceptable salt or prodrug thereof. 



(VIII); 
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1 0. A pharmaceutical composition comprising one or more compounds according 
to claim 1, in association with one or more phannaceutically acceptable carrierss 
adjuvants, diluents and/or excipients. 

11. A food or drink composition* which contains one or more compounds 
according to claim 1 . 

12. A method for the treatment, prophylaxis, amelioration, defence against, and/or 
prevention of a condition selected j&om the group consisting of menopausal syndrome; 
osteoporosis; rheumatic diseases; atherosclerosis; premenstrual syndrome; coronary arter>^ 
spasm; vascular diseases; Buergers Disease; migraine headaches; hypertension; benign 
prostatic hypertrophy; cancer; AMieimers disease; inflammatory diseases; baldness; 
psoriasis; acne; and diseases associated with oxidant stress; in a patient in need of said 
treatment, prophylaxis, amelioration, defence against, and/or prevention, which method 
comprises administering to said patient a therapeutically effective amount of one or more 
compounds according to claim 1, either alone or in association with one or more 
phaxmaceuticaUy acceptable carriers, diluents, adjuvants and/or excipients, 

13. A method for the treatment, prophylaxis, amelioration, defence against, and/or 
prevention of a hormone-dependent condition in a patient in need of said treatmeni. 
prophylaxis, amelioration, defence against, and/or prevention, comprising administering 
to said patient a therapeutically effective amount of one or more compounds according to 
claim I, either alone or in association with one or more phannaceutically acceptable 
carriers, diluents, adjuvants and/or excipients. 

14. A nietliod for the treatment, prophylaxis, amelioration, defence against, and/or 
prevention of a hormone-dependent condition in a patient in need of said treatment, 
prophylaxis, amelioration, defence against, and/or prevention, comprising administering 
to said patient a therapeutically effective amount of one or more compounds of formula I 
or formula II 




in which 



A is selected from the group consisting of 
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one of Ri and R2 is selected from H, OH and OCH3, and tlie other orRi and R2 is selected 
from OH and OCH3; 

one of R3 and R4 is selected from OH and OCH3, and the other of R3 and R* is selected 
from OH and OCHa; 

provided that at least one of the pairs Ru Ri and R3, R4 are both OH; 
R5 is selected from OH and OCH3; and 
denotes a single or double bond; 
or a pharmaceutically acceptable salt or prodrug thereof; said compound or compounds 
being administered either alone or in association with one or more pharmaceutically 
acceptable carrierSj diluents, adjuvants and/or excipients, 

15. A method for the treatment, prophylaxis^ amelioration, defence against^ and/or 
prevention of cancer in a patient in need of said treatment, prophylaxis, amelioration, 
defence against, and/or prevention, comprising administering to said patient a 
therapeutically effective amount of one or more compounds of formula I or formula II 




in which 

A is selected from the group consisting of 




one of Ri and is selected from H, OH and OCH3, and the other of Ri and R2 is selected 
from OH and OCH3; 

one of R3 and R4 is selected from H, OH and OCH3, and the other of R3 and R4 is selected 
from OH and OCH3; 

provided that at least one of the pairs Ri, R2 and R3, R4 are both OH; 
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Rs is selected from OH OCH3; and 
denotes a single or double bond; 
or a pharmaceuucally acceptable salt or prodrug thereof; said compound or compounds 
being adniinistered either alone or in association with one or more pharmaceutically 
acceptable carriers, diluents, adjuvants and/or excipients. 

16. A method according to claim 13 or 14 wherein said hormone dependent 
condition is selected from the group consisting of hormone dependent cancers, hormone 
dependent cardiovascular disorders and homione dependent menopausal disorders. 

17. The use of one or more compounds according to claim 1 for the manufacture 
of a medicament for the treatment, amelioration, defence against, prophylaxis and/or 
prevention of one or more conditions selected from the group consisting of menopausal 
syndrome; osteoporosis; rheumatic diseases; atherosclerosis; premenstrual syndrome; 
coronary artery spasm; vascular diseases; Buergers Disease; migraine headaches; 
hypertension; benign prostatic hypertrophy; cancer; Al2iheimers disease: inflammatory 
diseases; baldness; psoriasis; acne; and diseases associated with oxidant stress. 

18. Use of one or more compounds according to claim 1 for the treamient. 
amelioration, defence against, prophylaxis and/or prevention of one or more conditions 
selected from the group consisting of menopausal syndrome; osteoporosis: rheumatic 
diseases; atherosclerosis; premctistrual syndrome; coronary artery spasm; \'^cular 
diseases; Buergeii:s Disease; migraine headaches; hypertension; benign prostatic 
hypertrophy; cancer; Alzheimers disease; inflammatory diseases; baldness; psoriasis; 
acne; and diseases associated with oxidant stress, 

19. A microbial culture or a food or drink composition containing at least one 
microbial strain which microbial strain is capable of producing one or more compounds 
according to claim 1 from daidzein and/or glycitein. 

20. A method for the treatment, prophylaxis, amelioratiort, defence against, and/or 
prevention of a hormone-dependent condition in a patient in need of said treatment^ 
prophylaxis, amelioration, defence against, and/or prevention, comprising administering 
to a subject a therapeutically effective amount of 6,7,4'-trihydroxyisoflavone, or a 
pharmaceutically acceptable salt or prodrug thereof, either alone or in association with 
one or more pharmaceutically acceptable carriers, diluents, adjuvants and/or excipients. 

21 . The use of 6,7,4' -trihydroxyisoflavone for the manufacture of a medicament 
for the treatment, prophylaxis, amelioration, defence against, and/or prevention of one or 
more conditions selected from the group consisting of menopausal syndrome; 
osteoporosis; rheumatic diseases; atherosclerosis; premenstrual syndrome; coronary artery 
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spasm; vascular diseases; Buergers Disease; migraine headaches; hypertension; benign 
prostatic hypertrophy; cancer; Alzheimers disease; inflammatory diseases; baldness; 
psoriasis; acne; and diseases associated with oxidant stress. 

22. The use of 6,7,4' -tiihydroxyisoflavone for the manufacture of a medicament 
for the treatment, prophylaxis, amelioration, defence against, and/or prevention of a 
hormone-dependent condition. 
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